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I. INTRODUCTION 


The canals in the Louisiana coastal marshes were dredged through soft muck 
that is highly susceptible to erosion ♦ Although they were initially manmade 
features, the canals are undergoing constant changes, as would any natural morpho- 
logical form in a dynamic environment. Erosive agents such as boat wakes, tidal 
currents, wind waves, and wildlife activity have resulted in significant widening 
and deepening. 

The morphological changes that presently are occurring in the coastal canals 
can be deduced from historic records, in which examples are given of trainasses 
(trapper canals) , originally dug three to four feet wide that have become enlarged 
through use to accomodate oil exploration support vessels (Davis, 1973). Robinson* s 
Canal on Bayou Petit Calliou was a trainasse cut in about 1859; it now averages 150 
feet in width (USGS Quadrangle, Lake Quitman, 1964). The widening was due 
primarily to boat traffic (Davis, 1973), Van Lopik (1955) noted that on the 1921 
Coast and Geodetic Survey chart #1277 a narrow cut, or pirogue trail, joined two 
lakes (now Fearman^s Lake). By 1955, this trail had enlarged "naturally** to a width 
of 1600 feet and a depth of 3,5 feet. 

Undercutting and consequent slumping of spoil banks and the gradual erosion of 
natural banks introduces into the canal a large volume of sediment that is either 
transported by the water or deposited along the bottom — depending on the flow 
regime, tide, and wind. 

Many canals adjacent to the coast experience bidirectional tidal currents. 

The flow can be further disrupted at intersections with other canals, bayous, or 
lakes. Deposition may often occur at these Junctions with resulting shoals and 
other obstructions. 

This junction problem is serious for larger waterways. In the Intracoastal 
Canal, severe shoaling occurs in seven to ten locations annually along the 300-mile 



waterway in Louisiana (Bordelon, 1973). The shoaling is more frequent in canals that 
have no tidal influx; many Inland canals silt up completely. By contrast, immediately 
adjacent to the coast, channels with large tidal prisms and strong tidal currents 
are flushed of sediment. 
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II. STUDY AREA 


The Southwestern Louisiana Canal (East-West Canal), chosen as the study area, 

y 

was originally cut by the South Louisiana Canal and Navigation Company as part of 
a proposed major east-west waterway across the Lafourche delta (Figure 1). 

Construction was begun in 1879 and completed before 1888, An investigation during 
the planning of the project indicated that a small tralnasse, 3 to 4 feet wide, 
already existed between Bayou Lafourche and Bayou Manuel • The new canal was cut 
30 feet wide and was not less than four feet deep at mean tide* Little maintenance 
was required to keep it open, although silting became a problem at Lake Jesse. 

In August 1881, a 20-foot wide channel had to be cut through a 985-feet long bar 
at this point* 

In 1951, the State of Louisiana acquired ownership of the canal and through 
the State Department of Public Works, conducted a detailed survey. Cross-sections 
^ere surveyed at 500-foot intervals along its entire length* The eastern section 
from Bayou Lafourche to Caminada Bay was dredged to give a depth of 9.5 feet below 
sea level and a bottom width of 90 feet. The spoil was placed 30 to 50 feet back 
from the water line. The western section, from Bayou Lafourche to Little Lake, was 
left in the original state and, to date, has not been dredged except at pipeline 
crossings* Spoil along this section, the result of dredging from intersecting canals, 
is deposited only at the junction corners. 

In only one location have the banks been reinforced by the Department of Public 
Works. Riprap was placed on the Northeast corner of the Bayou Lafourche - Southwest 
Canal intersection to protect the Le Fort cemetery at Leeville, Even so, much of the 
cemetery has been destroyed as the banks continue to be eroded. 

In 1967, the Department of Highways replaced a drawbridge on Route 1 that 
crossed the canal and Bayou Lafourche just southwest of the Intersection* The new 
bridge is parallel to and south of the old bridge (since removed) . During construction 
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the western section of the canal was dammed off by highway embanlonent fill so that 
water no longer flows directly through the old intersection- Instead, a new access 
channel was cut, trending southeast, to join Bayou Lafourche south of the new bridge* 
At present, the canal is 9 1/2 miles long and has an average width of 250 feet* 
Just west of Bayou Lafourche, it runs through the Texaco oil field- The banks are 
riddled with numerous smaller access canals cut perpendicular to it- The high 
traffic on both sections of the waterway consists of barge tows, crew boats, shrimp 
and oyster boats, and pleasure craft* 
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III. STUDY TECHNIQUES 


Field work, laboratory analyses, and interpretation of infrared color 
imagery were used to provide data for study. The field work was conducted from 
May to October of 1973 to quantify the rates of erosion and locate areas of 
deposition. Samples of bank material were analysed in the laboratory to determine 
the differences in physical characteristics of three bank types — natural, shell, 
and spoil and to relate these differences to the erosion rates. 

The erosion rates were determined along the canal for a period of four months 
at 25 sites representing the three bank types and a variety of environmental conditions 
(Figure 2). Two plexiglass rods, each 60.0 cm long and 0.93 cm in diameter, were 
driven horizontally into the bank at each site. As the bank retreated, the exposed 
lengths of the rods were measured. 

The erosion rates were determined from comparisons of these measurements, data 
from a 1954 survey by the Louisiana Department of Public Works, air photos taken 
in 1953 and 1969, and field measurements made in 1973. 

Flow analyses were based on field observations and interpretations of infrared 
color photographs. The National Aeronautics and Space Administration provided two 
rolls of infrared color (contact duplicates) made from imagery taken on May 14 and 
October 25, 1973. 

The May imagery (recorded with a Wild RC-8 camera that produced 9” by 9^’ 
transparencies at a scale of 1:6000) had sharp detail which was excellent for inter-’ 
preting the turbidity patterns and bank types. 

The October infrared color imagery (also contact duplicates) had a square 

format ( 2 1/4" by 2 1/4") and a scale of 1:11500. The smaller scale (70 mm film in 

2 

a Hasselblad) was adequate for the study. An I S camera also recorded black and 
white raultiband imagery (scale, 1:4600) in four spectral ranges; 1) 400-470 nm; 

2) 470-580 nm; 3) 580-700 nm; and 4) 720-900nra. 
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These remote sensing techniques provided an overall view of distribution patterns 
that may not be evident at ground level. Infrared color accentuated turbidity 
patterns and allowed good analyses of the interchange of water between intersecting 
channels and flow patterns where two water masses meet. 

Water samples for determining suspended sediment concentration were collected 
at six sites (Figure 2) during the tropic and equatorial tides for a period of ten 
weeks- One-half liter samplers were suspended in the water at 0.2 and 0.8 water 
depth. In the laboratory, each sample was filtered through Millipore 
filter paper (.47p pores) to determine the weight of sediment. 




BLAKK not film® 
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IV, PHYSICAL PROCESSES 


Erosion and deposition in the canal depend on the active physical processes 
and the composition of the soils through which the canal is cut. In navigation canal.*?, 
wake waves and currents are the two major erosion agents. Wave attack is evident 
wherever traffic is heavy, but erosion and sediment transport occur only where the 
current velocity is fast enough and persistent. Where currents are disrupted at the 
intersection with a smaller canal or by rough, winding channels, deposition will occur. 
Therefore, the characteristic flows in a canal and the effects of tides, winds, and 
intersecting water bodies on that flow must be analyzed to provide an understanding 
of the overall .changes resulting from erosion and deposition. 

Characteristic Flows 

The complexity of the Southwestern Louisiana Canal is due to both the large 
number of intersecting smaller canals and waterbodies and two sets of tidal currents 
originating at opposite ends of the canal — in Little Lake and Caminada Bay. The 
eastern section of the canal, between Caminada Bay and the east side of Lake Jesse, 
is about five miles long (Figure 3). The tide range at the Caminada Bay entrance 
averages 30 cm; on the east side of Lake Jesse, it averages 17 cm. The range at 
the bay entrance is directly controlled by the tides of the bay itself. The water 
flows westerly into the canal at high tide and easterly, out of the canal, at low tide. 

Near the eastern side of Lake Jesse, however, the flow is more complex. The 
hydraulic gradient from Caminada Bay to Lake Jesse at high tide is small because of 
the five-mile distance. At the entrance to Lake Jesse, the flow is generally eastward 
(opposite to that at Caminada Bay) because the water level in Lake Jesse depends the 
flow conditions in Bayou Lafourche, which is about a mile west. Only during strong 
northeast or east winds is westward flow maintained from Caminada Bay all the way 
to Lake Jesse, 
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High tide occurs in Bayou Lafourche (24 cm average tidal range) several hours 
after high tide at Caminada Bay (30 cm average range). Tidal currents from the Bayc 
flow east toward Lake Jesse which is about a mile away. At low tide in Bayou 
Lafourche, the water flows from Lake Jesse toward the Bayou. On the west side 
of Lake Jesse, the tide range is 21 cm. 

The western section of the canal, between Bayou Lafourche and Little Lake, 
is unusual in that Bayou Lafourche and Little Lake experience high and low tides 
almost simultaneously. Because the tidal range at Little Lake averages 36 cm, 
the high tides there are consistently above those in the bayou. Therefore, although 
both may experience high tide, the higher level at Little Lake causes the water to 
flow toward the bayou. At low tides, the opposite situation occurs; the water 
flows westward from the bayou, which has the higher water surface. 

Winds may either reinforce or restrict the tidal currents. Strong easterly 
or westerly winds can accentuate or inhibit the weak currents to the extent that 
all flow is in the same direction through one tidal cycle. 

At ground level, turbulence and flow patterns could not be differentiated. 

The direction of flow was difficult to determine other than at sample spots. However 
remotely-sensed imagery provided an overall view of the flow. Two sets of infrared 
color aerial photographs and one set of multi-band imagery had been provided by 
NASA. Although they had not been taken precisely at times of high or low tide, 
the photographs illustrated flow directions and turbidity patterns for specific 
wind and tide conditions (Figures 4 and 5)* 

The May imagery (Figure 4) was taken two to four hours after high tide 
(depending on location in the canal), with northerly winds at twelve knots. Due to 
the dominance of these winds the flow was to the west throughout the entire canal; 
it was not in accordance with the predicted normal flow. On the eastern end of 
the canal, water was blown northwest into the channel from the marsh through cuts 
in the spoil bank; canal water was. blown out through them; for example, as at 
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In May, the most prevalent features on the eastern reach of the canal were 
small gyres of turbidity along the irregular banks (Figure 4, Location A). These 
gyres were not noticable from ground level* Dye had to be used to determine their 
exact configuration* Water adjacent to the banks flowed opposite to the major 
flow in the center of the channel* As the bank-edge flow encountered a protruding 
portion of the bank, it separated and entered the main flow* With a change in 
tide and direction of dominant flow, the gyres subsided and all water flowed 
in the same direction* Along less Irregular banks, the gyres were forced out 
in the direction of dominant flow (straight arrows in Figures 4 and 5). 

When the canal water from the east section enters Bayou Lafourche, no mixing 
is evident. A sharp boundary between the two water masses remains (Figure 4, 
Intersection B) because the southward-f lowing bayou carries a higher concentration 
of sediment and has less salinity. The fresher water from the bayou flows over 
brackish water entering from the canal. 

In the reach west of Bayou Lafourche, fewer gyres or noticeable circulation 
patterns developed. Water from Bayou Lafourche enters the canal and flows eastward. 

No distinct difference in turbidity was noticeable at junctions with smaller canals. 

The October imagery (Figure 5) was taken one to three hours after low tide, 
with a north, wind of four knots* In the eastern section of the canal, the 
reversal of the current had not yet occurred, and the water was still flowing as 
In a low-tide condition - 

East of North Lake, the water was turbulent* The flow direction between 
South and North Lake was difficult to ascertain (Figure 5^ Location A), while west 
of South Lake, the flow was reversed and the water was moving west* The distance 
between Caminada Bay and Lake Jesse decreases the effect of the water-surface gradient, 
and the area is controlled by the water levels in Lake Jesse. 

Near North Lake, water flows through the cuts into the canal. A sharp 
delineation occurs between the water flowing from the cuts and that in the canal 
(Figure 5, Location B) . In the small dammed canal (Location A, Junction A), particulate 
matter has settled out of the stagnant water. However, a break in the spoil dam 
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allows interchange of water between the two canals. 

From Lake Jesse, the water flows westward to Bayou Lafourche and thence south- 
ward as a distinct water mass that is separate from that in the bayou (Figure 5 
Location C, Junction C) , West of Bayou Lafourche, the water flows toward Little 
Lake. The water masses entering from the canals intersecting the north bank have 
a distinctly different color. At the western end (Intersection D) , a large plume 
indicates the entry of canal water into Little Lake. 

Bank Erosion 

The erosion rates along the Southwestern Louisiana Canal vary with the physical 
characteristics and location of three types of banks: spoil, shell and natural — 

each differing in constituent material, configuration, height, vegetational cover, 
and response to active processes. 

The spoil banks range in height from 30 to 90 cm and display a steep unvegetated 
face on the canal side. The remaining bank surfaces are vegetated by Iva frutecens , 
Batis sp. , elderberry, and the toothache tree. Because of the bank heights, the 
plant roots do not penetrate to the water level. Consequently , the vegetation does 
not prevent erosion in this maximum zone of attack. 

Morphological changes are more rapid on the spoil banks. Wakes and currents 
erode the base, remove material, and undercut the bank. The undercut condition may 
persist for several days before a portion of the bank sloughs off, particularly where 
root systems bind and strenghten the upper bank surface. The loss of material is 
most prevalent after the decline of high water levels, when the saturated material 
with the added weight of water and the seepage forces decrease the bank stability 
and increase the slumping rate. 

Fiddler crabs also commonly burrow into the spoil banks. This natural process 
also contributes to bank destruction through a breakdown of the internal soil structure 
and reworking of the sediments. However, the importance of this effect, in comparison 
to other physical agents, cannot be determined. 

The shell banks have an average height of 60 cm. They are rounded in cross section 
except where large portions have been eroded away. The sparse vegetation (dwarf 
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, and the root structure does little to prevent erosion# Recession is less 
apparent than on banks without shell. It occurs gradually as the result of winnowing 
of the finer materials rather than by slumping. 

The natural banks, because of seasonal climatic conditions, remain inundated 
during the summer months and are exposed during the winter months. The banks are 
covered by salt^tolerant plants such as Spartina alternlf lora , Spart ina patens , and 
^licomia sp. that have dense root structures capable of retaining and binding the 
material to help resistance to erosion. Thus the recession of natural banks is 
gradual. Soil material is first removed just below the Spartina root mass; eventually 
the overhanging plants are torn loose and carried away. 

Erosion rates measured at 25 sites along the Southwest Louisiana Canal differed 
according to bank type and location (Figure 6; see also Table 2). The spoil banks 
exhibited the highest average daily rate, 0.36 cm per day. The mean erosion rate 
for natural banks was distorted by one extreme anomaly, 2.9 cm, observed for a 
particular site at the junction of the Southwest Canal and another heavily-traveled 
canal. The corners of canal junctions are particularly susceptible to erosion by 
waves, which are refracted as they approach a corner or any Irregular protxrusion 
in the bank with the wave energy being concentrated at that point. High erosion 
rates at spoil sites 8, 15, and 21 also resulted because of similar conditions 
(Figure 6; see also Table 2). 

Variations in the erosion rate of one bank type occurred because of the 
differences in location. It has already been pointed out that banks at junctions 
have higher erosion rates. However, there may be broader differences between 
sections of the canal if traffic volumes or current velocities vary. A comparison 
of the two sections east and west of Bayou Lafourche indicate that the highest 
rates were on the east section (Figure 6) , which had an average of 0. 735 cm; the 
west section, only 0-455 cm. 

Three explanations for the differences are possible: 

1. Differences in the distribution of bank types among those sampled: 

Of 6 shell banks, 5 were on the east reach; 3 of the 9 spoil banks were on the 
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east reach; and 6 of the 10 natural banks were also on the east reach. Despite 

this uneven distribution of sites, a comparison of the erosion rates for each bank type 

indicates that the east reach is eroded as fast or faster than the west section* 

This fact suggests that factors other than the uneven distribution of bank types 
are responsible for the differences in erosion rates. 

2. Differences in types and frequency of traffic: No quantitative data 

is available on the type and frequency of traffic. However, 6 months of observations 
indicate little difference between the east and west in this respect. Both accomodate 
barges, tugs, commercial fishing boats, crew boats, and pleasure craft. 

3. Differences in tidal current velocities: Manner (1959) stated that 

currents in the east section are stronger with a maximum velocity of 1.6 knots 

(2.7 ft. /sec,) and a minimum velocity of 0.7 knots (1.2 ft. /sec.). The west section 
has a maximum velocity of 1-0 knots (1.7 ft. /sec.) and a minimum velocity of 0,4 
knots (0.7 ft. /sec,). The higher velocities in the east section seem to contribute 
to the higher erosion rates. 

Scouring, Deposition, and Dredging 

During the last 10 years, the Southwest Louisiana Canal has become wider at a 
faster rate than it had in the past (Table 1), The progressively increased annual 
rates of widening are the result of two factors: the development of faster boats 

and powerful motors with a consequent increase in bank and bottom erosion; and the 
subsequently larger tidal prism. With widening and deepening, a larger volume of 
water can flow through the canal with increased tractive force and thus a greater 
erosive ability. Presently the canal is widening at an average annual rate of 16.3 
feet. It should be noted that the erosion rate has been significantly reduced at 
station 15000 (Figure 2 and Table 1) , on the northeast corner of the intersection . 
with Bayou Lafourche. This site has the lowest erosion rate because it was reinforced 
with several layers of riprap by the Louisiana Department of Public Works in 1953 
and 1962 to protect the Le Fort Cemetery. 

Deepening of the canal, as well as widening, is evident from comparing of cross 
sections surveyed in 1880, 1953, and 1973 (Figure 7). 1954, the east section 


21 



TABLE 1 


CHANNEL WIDTHS AND ANNUAL EROSION RATES 
SOUTHWESTERN LOUISIANA CANAL 
1880-1973 


Station 

WIDTH 

1880 

(Feet) 

1953 

1969 

1973 

1880-1953 

EROSION (Feet/Year) 
1953-1969 1969-1973 

0 

30 

130 

200 

240 

1.4 

4.4 

10.0 

3000 

30 

120 

185 

240 

1.2 

4.1 

13.6 

6000 

30 

130 

200 

240 

1.4 

4.3 

10.0 

9000 

30 

130 

270 

320 

1.4 

2.4 

12.5 

12000 

30 

130 

300 

350 

1.4 

4.3 

12.5 

13100 

30 

110 

200 

280 

1.1 

4.7 

20.0 

15000 

30 

140 

155 

190 

1.5 

0.9 

8.8 

18000 

30 

145 

220 

320 

1.6 

4.6 

25.0 

21000 

30 

120 

150 

200 

1.2 

1.8 

10.0 

24000 

30 

140 

240 

310 

1.5 

6.2 

18.5 

27000 

30 

120 

210 

2 70 

1,2 

5.6 

15.0 

30000 

30 

110 

215 

300 

1.1 

6.5 

21.2 

33000 

30 

120 

250 

320 

1.2 

8.1 

18.5 

36000 

30 

130 

250 

330 

i 

7.5 

20.0 

39000 

30 

125 

230 

320 

1.3 

6.5 

22.5 

42000 

30 

140 

250 

300 

1.5 

6.8 

12.5 

45000 

30 

150 

270 

360 

1.6 

7.1 

20.0 

47500 

30 

150 

270 

360 

! 1.6 

7.5 

22.5 


1.4 5.6 16.3 


Note: See Figure 2 for Station Locations and Figure 7 for Cross Sections 


Station 

0 

3000 

6000 

9000 

12000 

13100 

15000 

18000 

21000 

24000 

27000 

30000 

33000 

36000 

39000 

42000 

45000 

47500 


Average 
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was dredged between Stations 15000 and 47500 to a depth of 9-5 feet below sea level. 
The increase in cross-sectional area between 1880 and 1953 and the differences between 
the dredged depth and the 1973 cross sections are the result of scouring and flushing 
of sediment by tidal currents. 

Two portions of this section have not deepened naturally. At Station 21000, 
where the canal is routed through Lake Jesse, the flow no longer remains channelized. 
The reduced velocity allows suspended sediment to settle out. This sedimentation has 
persisted since 1880 (Minute Books, South Louisiana Canal and Navigation Company). 
Similar current disruption and sediment deposition occurs to the east of Lake Jesse 
at South Lake and North Lake where the flow often stagnates, and suspended material 
settles out. 

Variations in the bottom configuration indicate other areas of deposition and 
scouring. Large shoals occur at the east and west ends of the canal. The depth 
on the east end Is 11 feet, but shoals to 8.5 feet beyond the entrance to Caminada 
Bay (Figure 8). At Little Lake, the west end, the depth of the bottom decreases 
from 10 feet to 6.5 feet- These shoals result from the decreased velocity as the 
sediment- laden canal water enters the bays. 

Where the canal enters Bayou Lafourche, the bottom drops off sharply due to 
the scouring action of the bayou (Figure 8). 

The eroded material from the banks and channel bottom is carried away as 
suspended and bed load or is deposited in the channel and adjacent water bodies. 
Deposition and transportation are seasonal phenomena that depend on the flow 
regime and weather conditions. 

Six sites (Roman Numerals, Figure 2) along the canal illustrate the exchange 
of suspended sediment during the summer months. Samples were collected during the 
ingoing and outgoing tides once a week for eight weeks at each site. Average 
weights of sediment per liter of water were analysed and categorized according to 
sampling location and the direction of flow (Figure 9). 

Suspended sediment is transported out of the canal at Caminada Bay and Little 
Lake (Figure 9). However, the quantity brought during the summer months into the 

PKECiUJiNG tiLAWli WOi' 



little lake 



DEPTH IN FEET BELOW SEA LEVEL 
AT SELECTED SITES 

SOUTHWESTERN LOUISIANA CANAL 
( NOT TO SCALE ) 


FIGURE 8 


CAMINAOA 



WEIGHT ( gm per liter ) 


Flowing Into Canal 



SAMPLING SITE 


Note: See Figure 2 

for site locations AVERAGE WEIGHT OF SUSPENDED SEDIMENT 

SOUTHWESTERN LOUISIANA CANAL 


FIGURE 9 



main channel from tributary water bodies (Lake Jesse and Bayou Lafourche) » by 
exceeding the amount removed, results in a temporary accumulation of sediment in 
the canal. This condition is not necessarily maintained throughout the year. 

In the previous discussion of the cross sections. It was indicated, however, that 
there is a net annual loss of material due to scouring, with relatively little perma- 
nent accumulation of sediment within the canal* 

Meteorologic and tidal conditions account for the seasonal differences in 
sediment transport and deposition. Wave and wind intensities on the Louisiana coast 
are lowest during the summer months. In the winter, they are two to three times 
greater (Stone, 1972). A slow alluviation of the bottom takes place during the 
summer, while large volumes of sediment are scoured and transported out of the 
canal during the winter. Much of the suspended material may be accumulating in 
the adjacent smaller canals and water bodies. 

No bed load samples were collected. It is possible that much of the sediment 
removal occurs as bed load in the form of clay balls. 
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V, PHYSICAL PROPERTIES OF CANAL BANK MATERIALS 

The soil materials in the three bank types (natural, shell, and spoil) vary 
in grain size, moisture content, organic content, and shear strength* These 
variations in physical characteristics result in different erosion rates* Bank 
samples from the 25 erosion sites (Figure 2) were analysed in the laboratory to 
determine the composition of each type. The data were then used in a regression 
analysis in an attempt to correlate physical properties with the erosion rate. 

Grain Size Distribution 

The variation of grain size among bank types is shown on a triangular classification 
chart (Figure 10) i Because of extreme values, the median point rather than the mean 
was used as the basis for comparison among bank types. Spoil and shell banks are 
very similar in composition and have almost identical distributions. The median 
grain sizes for spoil banks are: 26% clay, 48% silt, and 22% sand. Shell banks 
have: 25% clay, 47% silt, and 25% sand. Natural banks show a different distribution: 

13% clay, 53% silt, and 32% sand. 

Moisture Content 

Moisture content analyses showed considerable differences existing between 
natural banks and those consisting of spoil or shell (Table 2). The natural banks 
are low and are frequently inundated. Arman (1969) states that the fibers in organic 
soils as well as the pore spaces absorb waters Because of their higher relief, the 
spoil banks are not saturated like the natural banks. 

Water in soils is a major factor influencing their response to erosion. The 
addition of water to the bank material reduces the angle of internal friction and 
consequently, its shear strength. 

Organic Content 

Tests for organic material content were conducted for only natural banks. The 
values ranged between 3.1 and 25*4 percent (Table 2). 
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TYPE OP BANK 
Natural N 

Spoil S •••• 

Shell E 


GRAIN SIZE DISTRIBUTION 
IN BANK MATERIALS 
SOUTHWESTERN LOUISIANA CANAL 


FIGURE 10 



TABLE 2 




PHYSICAL CHARACTERISTICS OF BANK MATERIALS 
SOUThOTSTEFN LOUISIANA CANAL 


Vane 



Erosion 

Clay 

Silt 

Sand 

Moisture 

Shear 

Organic 

Bank 

Rate 

Content 

Content 

Content 

Content 

Strength 

Content 

Site 

(cm/ day) 

% 

% 

Z 

% 

(lb/in2) 

% 

Natural 








1 

0.542 

8 

67 

25 

68.5 

- 

11-9 

2 

0.632 

12 

53 

35 

57.2 

- 

8.9 

4 

0.094 

12 

61 

27 

79.2 

- 

22.7 

5 

0.156 

10 

53 

37 

80.2 

- 

26.4 

11 

2.868 

29 

40 

31 

43.7 

- 

3.1 

12 

0.321 

16 

52 

32 

64.0 

- 

15.0 

14 

0.155 

14 

43 

43 

71.6 

- 

22.5 

18 

0.396 

29 

57 

14 

42.6 

- 

18.0 

23 

0.268 

10 

45 

45 

61.2 

- 

16.0 

24 

0.880 

14 

54 

32 

71.8 

— 

16.5 

Spoil 








3 

0.584 

22 

56 

22 

32,1 

10. 01 

- 

6 

0.048 

37 

48 

15 

30.8 

14.38 

- 

8 

1.070 

33 

47 

20 

36.3 

9.45 

-- 

9 

0.318 

30 

51 

19 

38.3 

8.37 

- 

10 

0-393 

41 

54 

5 

36.0 

11.00 

- 

13 

0.114 

26 

51 

23 

35.2 

11.16 

- 

15 

1.140 

20 

33 

47 

36.6 

11.16 

*- 

21 

1.515 

12 

43 

45 

44.3 

8.77 

- 

25 

0.929 

13 

47 

40 

27.6 

11.39 

** 

Shell 








7 

0.241 

31 

52 

17 

35.4 

9.25 

-* 

16 

0.400 

41 

37 

22 

34.4 

9.38 

- 

17 

0.647 

8 

47 

45 

25.1 

7.68 

- 

19 

0.275 

20 

52 

28 

27.5 

6.04 

- 

20 

0.433 

36 

47 

17 

29.4 

5.63 

“ 

22 

0.146 

12 

48 

40 

27.8 

3.88 

- 


Note; See Figure 2 for Testing and Sampling Locations 
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Shear Strength 


A field vane shear device was used to obtain the shear strengths of the 
bank materials. However, the instriiinent was used only on the spoil and shell 
banks because the saturated state of the natural banks made shear tests impossible. 

Shear strength is a function of normal stress on the shearing surface, soil 
cohesion, and the internal angle of friction. In the tests, the normal stress was 
held constant. Therefore, the differences in shear strengths resulted only from 
differences in cohesion and the internal angle of friction. 

A comparison of the values in Table 2 for spoil and shell banks shows that 
shell has, in general, lower shear strengths. Shell in the bank material reduces 
the angle of internal friction. 

Shear strengths were not determined for the natural banks. However, Arman 
C1969) gives an excellent discussion on the strength of organic soils. Compression 
tests on cylindrical specimens of organic soils show that they do not experience a 
normal shearing surface failure, but rather yield or bulge. Organic soils have a 
very high strength due to the presence of organic fibers, which act like tension 
reinforcement. Microscopic examinations showed that there is an attraction between 
the clay and the organic fibers (Arman, 1969, p* 44): 

**The clay was able to develop additional strength 
by using the strength of the organic fibers. Also 
the presence of organic fibers **fixed^* or absorbed 
some of the free moisture available to the clay 
minerals and this helped increase the strength of 
the total mixture.’’ 

Arman’s tests indicated that there is a direct relation between strength and 
organic content. 
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Statistical Correlation of Physical Properties 


Linear, multiple, and stepwise multiple regression analyses were used in an 
attempt to relate bank soil characteristics to erosion rates » Most of the results 
were inconclusive. For natural banks, a high correlation coefficient indicated that 
organic content Increases the erosion resistance. For spoil and shell banks, low 
correlation coefficients and high significance values indicated that the relationships 
between variables (clay, silt, sand, and shear strength) could have occurred by 
chance. The shear strength of shell banks is not a good indicator of erosion 
resistance due to the armoring effect of the shells. 



VI. CONCLUSIONS 


\ 


Destruction of banks by boat wake waves > a major problem in navigation 
canals, becomes more important in canals subject to tidal influxes. Tidal 
currents flush sediment from the canal and scour the bottom and sides of the 
waterway. The cross-sectional area thus increases- An increase in the size of 
the canal results In a larger tractive force against the wetted perimeter of 
the channel. It also allows larger and faster vessels to frequent the waterway. 

As a result, the channel continues to widen and erosion rates increase. 

Erosion is the major process occurring in the Southwest Louisiana Canal, 
with deposition being evident in only two locations. The erosion is self-perpetuating. 
The continuous decrease in the slope of the canal banks and the increase in the 
dispersion of energy is accompanied by an increase in the erosive energy as the 
tidal prisms increase in size. The ratio of the increase of energy dispersion to 
the increase of current energy is not known. 

Erosion rates measured during this study ranged between .094 and 2.868 cm 
per day, but these rates also varied according to bank material and location. 

Such high rates are not unique to the Southwestern Louisiana Canal. Rates equally 
high or higher have been measured in other canals in the coastal marsh. 

The problem of bank destruction in marshland navigation canals is serious 
but it defies an easy solution. Addition of shell to the banks slows the erosive 
processes, but does not alleviate the problem. Riprap along the Le Fort Cemetery 
significantly reduced the rate of widening yet even there widening continues. 

The effects of bulkheads at the corners of canal junctions were not considered in 
this study but such construction may be a possible erosion retardant at these 
locations. 

Of the 4572 miles of dredged canals and channels south of the Intracoastal 
Waterway, about 1000 miles are navigable. Little concern is given to the processes 
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active in these canals. However, widening results in destruction of valuable 
marshland and estuarine environments. Landowners with property adjacent to canals 
are constantly losing land. These losses have become a serious legal problem, 
particularly in large canals such as the Intracoastal Canal, where the right-of-way 
has already been exceeded. 

The knowledge gained concerning the active physical processes in the 
Southwestern Louisiana Canal are applicable to other waterways in coastal marshes, 
although the processes which dominate may vary according to location and to the 
individual characteristics of the waterway. These processes must be understood 
along with other natural events because coastal marshes are valuable regions containing 
renewable resources, such as fish and wildlife, as well as mineral resources. Yet 
little consideration has been given to the existing problems of canal erosion or to 
the future prospect of loss of land area. 

The study reported here has shown that channel erosion rates progressively 
increase, with no indications of stabilization. The canals continue to widen until 
they eventually merge with other waterways and cannot be distinguished from natural 
water bodies. 


35 



VII. BIBLIOGRAPHY 


Anderson, R.R. , 1970, Spectral Reflectance Characteristics and Automated 
Data Reduction Techniques Which Identify Wetland and Water Quality 
Conditions In the Chesapeake Bay, Earth Resources Aircr^t^ Program 
Status Review , vol. 3, NASA, pp. 53.1-53.29, Houston. 

Anderson, R.R. , 1968, Remote Sensing of Marshlands and Estuaries Using Color 
Infrared Photography, Earth Resources Aircraft Program Status Review , 
vol. 3. , NASA, Houston. 

Anson, A., 1969, Coasts and Beaches - Infrared Film From Spacecraft, in Earth 
Resources Surveys from Spacecraft , vol. 2, ed. by R.A. White, Houston 
NASA Earth Resources Group, G15-G18. 

Arman, A., 1969, A Definition of Organic Soils, Division of Engineering Research 
Bulletin, No. 101 , L.S.U. , Baton Rouge. 

Barrett, B. , 1970, Water Measurements of Coastal Louisiana , La. Wildlife and 

Fisheries Comm. (USDI Fish and Wildlife Service, Bureau of Comm. Fisheries 
Proj. 2-22), 207 p. 

Barton, D.C. , 1928, Meandering in Tidal Streams, Journal of Geol ., 3£, no. 7, 
pp. 615-629. 

Berryhill, H.L., Jr., 1970, Remote Sensing Techniques as Applied to Coastal 
Texas, in Earth. Resources Aircraft Program Status Review , vol. 1, NASA, 
Houston, pp. 6.1 - 6.15. 

Blench, F. , 1951, Hydraulics of Sediment Bearing Canals and Rivers , Evans Indust. 
Ltd. , Vancouver. 

Blench, T. , 1957, Regime Behavior of Canals and Rivers . Butterworth, London, 

138p. 

Bordelon, 1973, Corps of Engineers, Waterways Experiment Station Section, 
Vicksburg, (personal communication). 

Chapman, C. , 1967, Channelization and Spoiling in Gulf Coast and South Atlantic 
Estuaries, Proc. Marsh and Estuary Management Sym. , L.S.U. , pp. 93-106. 

Chapman, V.J., I960, Salt Marshes and Salt Deserts of the World , Interscience, 
London, 392 p. 

Chow, V.T. , 1959, Open-Channel Hydraulics , McGraw-Hill, New York, 680 p. 

Coastal Studies Institute Staff, 1954, Trafficability and Navigability Patterns of 
the Louisiana Coastal Marshlands, in Trafficability and Navigability of 
Delta Type Coast, Coastal Studies Institute Tech. Report No. 4 . ISU, Baton 
Rouge , 8p . 

Davis, D.W. , 1973b, Nicholls State University, (personal communication). 


36 



Dsy, P.R, , 1956, Report of the Committee on Physical Analysis, 1954-1955, Proc . 
Soil Sci, Soc. of Amer. . 20 . pp. 167-169 

J 

Doyle, W.H. , 1969, Sediment Deposition in Bayou Lafourche , unpublished Master’s 
thesis, L.S.U,, Baton Rouge* 

Einstein, H.A., and Einstein, H*L* , 1958, Secondary Currents in Straight 
Channels: Trans* AGU , 39 , No. 6, pp. 1085-1088. 

Galtsoff, P.S., 1954, Gulf of Mexico, Its Origin, Waters and Marine Life: 

U.S. Fish and Wildlife Service Fisheries Bull ., 55 , No. 89, 604p. 

Guy, H.P. and Norman, V.W. , 1970, Field Methods for Measurements of Fluvial 
Sediments, in Techniques of Water Resources Inves t igations of the USGS , 
Chap. C2., Washington, D.C. 

Jackson, T.H. , 1935, Bank Protection, 16th Int. Cong, of Nav. , Sect. 1, 
paper 34. 

Johnson, J.W. , 1957, Ship Waves in Navigation Channels, Proc. 6th Conf. on 
Coastal Eng. > Chap. 40, pp. 666-690. 

Krumbein, W.C. and Aberdeen, E. , 1937, The Sediment of Barataria Bay, 

Joum. Sed. Petrol. ^ 7, pp. 3-17 

Lane, E.W. , 1955, Design of Stable Channels, Trans ASCE , 120 , p. 1234 

Leliavsky, S. , 1955, An Introduction to Fluvial Hydraulics . Constable, 

London, 257 p. 

Leopold, L.B., Wolman, M.G. , and Miller, J.D. , 1964, Fluvial Processes in 
Geomorphology , Freeman, San Francisco, 522 p. 

Lewis, W.H. , 1956, The Foreshore Erosion Problem in the Lower Reaches of the 
Mississippi River, Shore and Beach , 24 , No. 1, pp. 13-15. 

Louisiana Wildlife and Fisheries Commission, 1971, Cooperative Gulf of Mexico 
Estuarine Inventory and Study , Louisiana , Phase II-Hydrology, and Phase 
Ill-Sedimentology , 191 p. 

Lynch, S.A. , 1949, Current Survey, Intersection, Bayou Lafourche - SW Canal , 
Texas A, & M Research Foundation Pro j . 9, mimeographed, 27 p. 

Mackin, J.G. , 1961, Canal Dredging and Silting in Louisiana Bays. Univ. of Texas 
Pub, of Marine Sci, , 2, pp. 262-314. 

Mairs, R.L. and Clark, D.K. , 1973, Remote Sensing of Estuarine Circulation. 
Photogram. Eng. , 39 , No. 9, pp. 927-938. 

Manner, H.A. , 1947, The Tide in Barataria Bay , Texas A&M Research Foundation 
Pro j . 9, mimeographed, 23 p. 

Manner, H.A. , 1949, The Currents of Barataria Bay ^ Texas A&M Research Foundation 
Proj . 9, mimeographed, 30 p. 

McGinnis, J.T. et al. , 1972, Environmental Aspects of Gas Pip eline Operations 
in the Louisiana Coasta 1 Marshes , Offshore Pipeline Committee, Battelle 
Columbus Laboratories. 


37 



Miller, W.R. and Egler, F.E* , 1950, Vegetation of the Wequetequock “ Pawcatuck 
Tidal Marshes: Conn. Ecol. Monogr. , 20 , pp- 143-72. 

Newson, J.D. , ed. , 1967, Proc. Marsh and Estuary Management Symposium . L.S.U. , 

July 19-20, 250 p. 

Nichols, L.G., 1959a, Geology of the Rockefeller Wildlife Refuge and Game Preserve , 
Cameron and Vermillion Parishes, la. > Tech. Report of the La. Wildlife and 
Fisheries Comm., 37 p* 

Nichols, L.G., 1959b, Rockefeller Refuge Levee Study , Tech. Rept. of the La. 
Wildlife and Fisheries Comm. , 17 p. 

Nichols, L.G., 1961, Erosion of Canal Banks on the Rockefeller Wildlife Refuge , 

La. Wildlife and Fisheries Comm., mimeographed, 9 p. 

O^Neil, T. , 1949, The Muskrat in the Louisiana Coastal Marshes , La. Dept, of 
Fisheries and Wildlife, Game Div. , New Orleans, 152 p. 

Pestrong, R. , 1965, The Development of Drainage Patterns on Tidal Marshes^ 

S tanford U> Pub, in Geol. Sci. , 10 , No. 2, 37p. 

Russell, R.J., 1942, Flotant, Geog. Review , 32 , No. 1, pp. 74-98. 

Russell, R.J., 1949, Coast of Louisiana, Societe Beige Geologic Bull., 57 , 
fasc. 2, pp. 380-394. 

Russell, R.J. and Morgan, J.P., 1952, Photo-Interpretation Keys of Selected 

Coastal Marshland Features, in Traf f icability and Navigability of Delta- 
Type Coasts, Coastal Studies Institute Tech. Rept. No. 1 , Feb. 28, LSU, 

Baton Rouge, 4 p. 

Scherz, J.P. , 1969, Photographic Char acteristeris tics of Water Pollution, 
Photogram. Eng. , 35 , No. 1, pp. 38-44. 

Scherz, J.P,, 1972, Remote Sensing Considerations for Water Quality Monitoring, 
Proc. 7th Int, Svm, of Remote Sensing of the Environment . PP* 1071-1093 

Schultz, E.A. , 1955, Sediment Sampling in Tidal Waterways, Trans. ASCE , 120 , 
p. 687. 


Service, J., 1972, A User Guide to the Statistical Analysis System , Student 
Supply Stores, North Carolina State University, Raleigh. 

Sixteenth International Congress of Navigation, 1935, Brussels, Permanent 
International Assoc, of Nav. Congress. 

Soiltest, Inc., n.d., Operation Manual for the Cohron Sheargraph Model D-25Q , 
Chicago. 

Sorensen, R.M., 1967, Investigation of Ship-generated Waves, Proc. ASCE . 
Waterways and Harbors Div. , Vol. 93, no. WWl, pp. 85-102. 

South Louisiana Canal and Navigation Co., 1979-1900, 1940-1970, minute books. 

Stone, J.H, , 1972, Preliminary Assessments of the Environmental Impact of a 
Superport on the Southeastern Coastal Area of Louisiana, La. Superport 
Studies, Rept. 2 , Center for Wetland Resources, L.S.U. , 345 p. 


38 



Trefethen, J.M, , 1959, Geology for Engineers » Van Nostrand, Princeton, 632 p. 


U.S. Army Corps of Engineers, 1951, The Intracoastal Waterway , pt. 2, Gulf 
Section, p*4. 

Van Lopik, J.R. , 1955, Recent and Geomorphic History of Central Coastal 

Louisiana, Trafficability and Navigability of Delta-Type Coast , Coastal 
Studies Institute Tech, Rept^ 7 , L.S,U., Baton Rouge, 88 p* 

Van Lopik, J*R. , 1958, Air Photo Interpretation in Marshland Areas as Exemplified 
by Central Coastal Louisiana, in Manual of Photo Interpretation , Am* Soc. 
Photogram, 

Wolman, M.G,, 1959, Factors Influencing Erosion of a Cohesive River Bank^ 

Amer, Joun, of Sci *, 257 , pp- 204-216. 

World Meteorological Organization, 1961, Field Methods and Equipment Used in 
Hydrology and Hydrometeorology, Flood Control Series No. 22 , 127 p. 

World Meteorological Organization, 1960, Hydrologic Networks and Methods, 

Flood Control Series No, 15 , 157 p. 


39 



